We analyse the ROSAT PSPC hardness ratio and the 0.5-2 keV to 2-10 keV flux ratio of 65 Active Galactic Nuclei (AGN) for which there are both ROSAT archival observations available and 2-10 keV fluxes, mostly from the HEAO-1 MC-LASS survey. We conclude that the simplest spectral model for the AGN that can accommodate the variety of X-ray colours obtained is a standard power law (with energy spectral index α ∼ 0.9) plus a ∼ 0.1 keV black body both partially absorbed. In our sample, type 1 AGN require an absorbing column around 10 22 cm −2 with covering fractions between 20 and 100%, while type 2 AGN display larger columns and ∼ 100% coverage. This simple model also provides a good link between soft and hard AGN X-ray luminosity functions and source counts. We also consider a warm absorber as an alternative model to partial covering and find that the the presence of gas in two phases (ionized and neutral) is required.
INTRODUCTION
Comparing the information obtained through the analyses of AGN data in different X-ray energy bands appears to be a difficult task which leads in some cases to striking results. For example, 2-10 keV X-ray source counts (which are dominated by AGN) obtained by the Ginga fluctuation analyses (Warwick & Butcher 1992) are clearly above the number counts obtained from the Einstein Observatory Medium Sensitivity Survey (EMSS) in the 0.3-3.5 keV band (Gioia et al. 1990 ) if a power law spectrum with energy spectral index α ∼ > 0.7 and negligible photoelectric absorption are assumed. Several explanations have been proposed to bring these results into consistency. Warwick & Butcher (1992) were able to fit the spectrum of the fluctuations in the 2-10 keV band (which should be close to the median X-ray spectrum of a source at the level where there is one source per Ginga LAC beam ∼ 5 × 10 −13 erg cm −2 s −1 ) to a power law with an energy spectral index α ≈ 0.8 with no evidence for photoelectric absorption (the derived upper limit is NH ∼ < 3 × 10 21 cm −2 , Stewart 1992) . In order to have a 2-10 keV to 0.3-3.5 keV flux ratio of about 2 (which is what is needed in order to reconcile source counts in both energy bands) a photoelectric absorption larger than the above upper limit is required. In this case, the contribution of clusters of galaxies, having a much softer spectrum will compensate the AGN photoelectric absorption in the spectrum of the fluctuations (Barcons 1993) . If photoelectric absorption were ignored, an energy spectral index α ∼ 0.4, much flatter than the typical index for any class of source (and this indeed includes AGN) at that flux level, would be required. Therefore, absorption in AGN appears to be a necessity to solve the soft/hard X-ray source counts discrepancies.
On the other hand, soft X-ray selected AGN actually exhibit low-energy excesses over the average power law (Maccacaro et al. 1988 , Turner and Pounds 1989 , Hasinger 1992 . Franceschini et al. (1993) proposed a scenario to account for these facts: the existence of two different populations, the soft X-ray sources, with steep spectrum and high evolution rates and the hard X-ray sources, with a weak cosmological evolution and strong self-absorption. Recent models for the origin of the X-ray background (Madau, Ghisellini & Fabian 1994 , Comastri et al 1995 based on the AGN unified scheme (Antonucci & Miller 1985 , Antonucci 1993 , rather suggest that there is a continuity between these two populations.
We analyse a sample of AGN for which there are 2-10 keV fluxes (mostly coming from the HEAO-1 MC-LASS survey, Wood et al 1984) and archival Rosat PSPC observations. By analysing the PSPC hardness ratios versus 0.5-2 keV to 2-10 keV flux ratio, we conclude that the simplest spectral model that can accommodate the whole sample is a power law plus a blackbody both partially absorbed.
Furthermore the model we propose is able to bring into consistency the source counts as well as the AGN luminosity functions in both bands. Our comparison is relevant only to local (z < 0.2) AGN and its extension to higher redshifts would require more data.
We also consider an alternative to this partial covering scenario which can account for the spectra of AGN as well as for the soft excess observed: a full obscuration of the Xray continuum by partly ionized gas (see Netzer 1993 and references therein). However unless some neutral absorbing material is also present the spectra are invariably too soft.
In section 2 we describe the sample, present the broadband hardness ratio versus flux ratio relation, and introduce the simplest model also able to accommodate the wide range of parameter space occupied by these sources. The warm absorber model is also introduced in this section as an alternative model to describe the spread in the observed parameters. In section 3 we show that a partial covering model is able to bring soft and hard X-ray AGN luminosity functions and source counts into agreement. We summarize the results and present some conclusions in section 4.
BROAD BAND HARDNESS RATIOS

The sample
In order to study the Broad Band X-ray colours, we constructed a local (z<0.2) AGN sample, in such a way that K-corrections or evolutionary effects do not come into play. We tried to build the largest sample for which there is a 2-10 keV flux measurement and Rosat PSPC information contained in the WGACAT point source catalogue in the public archive at HEASARC. The resulting sample is listed in Table 1 . Most of the objects come from the LMA sample described by Grossan (1992) , which is the AGN sample of the HEAO-1 MC-LASS, from which we take the 2-10 keV fluxes. Other AGN with 2-10 keV fluxes measured either by Ginga (19 sources, Awaki 1992 , Nandra and Pounds 1994 , Turner et al 1992b or EXOSAT (5 sources, Turner & Pounds 1989) have also been included. However our conclusions remain unaffected if these low luminosity objects (the Ginga and EXOSAT ones) are removed. From the LMA sample we had to eliminate two sources known to be contaminated by another nearby source: III Zw 2 (Tagliaferri et al 1988) and 3A0057-383 (Giommi et al 1989 , George et al 1995 . From the EXOSAT sub-sample we also eliminate 3C445 which is close to the cluster of galaxies A2440 which can contaminate its 2-10 keV flux. The WGACAT point source catalogue provides the counts collected by the PSPC in the soft (11-39) PI channels and in the hard (40-200) PI channels. The 0.5-2 keV fluxes have been obtained from these data, under the assumption of an energy spectral index of α = 0.9 and Galactic photoelectric absorption (also given in the WGACAT point source catalogue), although our conclusions remain unaffected if other model spectra are assumed.
Indeed, the 2-10 keV and Rosat PSPC observations are not simultaneous and therefore variability could be relevant for each source individually. However, we do not intend here to derive specific spectral properties for each source, but we rather regard the AGN sample as an ensemble and therefore no systematic variations in the X-ray colours are expected from the variability. But even for individual sources, a factor of 2 variation in the flux ratios (see below) will not affect our conclusions.
Hardness ratios.
We defined a source hardness ratio in the soft band as:
S being the number of counts in ROSAT PI channels 11-39 (0.1-0.4 keV) and H the number of counts in channels 40-200 (0.4-2.0 keV).
In Figure 1 we plot the PSPC hardness ratio (corrected for Galactic absorption) versus flux ratio, defined as the ratio between the soft (0.5-2 keV) band flux and the hard band flux (2-10 keV), for the sample described above. The Galactic correction is strongly dependent on the model assumed so we used the spectral model described below in order to be self-consistent. Maybe the most striking feature of this plot is the large spread of the AGN population. That indeed implies that there is no universal AGN spectrum.
In order to explain this colour-colour diagram exhibited by the sources we carried out some simulations with XSPEC, assuming model spectra for the sources and folding them through the ROSAT PSPC response matrix to obtain the counts in each channel (from which we compute S and H) as well as the fluxes in the soft (0.5-2 keV) and hard (2-10 keV) energy bands.
The simplest model for the AGN spectrum, an unabsorbed power law, turns out to be unable to reproduce the scatter observed in the hardness ratios even if the energy spectral index is allowed to vary. This is clearly shown in figure 2 where we show the expected position in the X-ray colour diagram by this model for a couple of typical energy spectral indices.
The next step, is to assume some intrinsic photoelectric absorption for the AGN. The solid line in Figure 2 is obtained by varying the column density for an α = 0.9 standard power law, from the Galactic value to ∼ 10 24 cm −2 . With this model, a wider range of hardness ratios would be covered. Moreover higher flux ratios ( F(0.5-2)/F(2-10)≥0.6) could be obtained if steeper power laws were taken into account. Yet moving the energy index within a reasonable range (0.7 ∼ < α ∼ < 1.0) results in the flux ratio changing from ∼ 0.5 to ∼ 1, which does not explain the ratios observed for the sources in figure 1, some of which are greater than one and others much smaller than 0.5.
Therefore the dispersion observed in the colour-colour plot seems to require a more complex spectrum. To solve the problem of high flux ratios we added a third component to the spectral model just to increase the soft emission. We modified the previous spectrum with a blackbody component with temperature kT = 0.1 keV which is similar to temperatures fitted to the soft excess emission of some AGN (Kaastra, Kunieda & Awaki 1991 , Turner et al 1992a , Matsuoka 1994 and references therein ). The result is represented in figure 2 as a dashed line which was produced by assuming α = 0.9 and by changing the column density of absorbing gas from Galactic to 10 24 cm −2 . By comparing the models above ( Figure 2 ) and the data (Figure 1 ), we still see that for an absorbed spectrum, the PSPC hardness ratios are often much smaller than would be predicted from the 0.5-2 keV to 2-10 keV flux ratio. The simplest model that can modify this is a partial covering model, where the absorbing gas only covers a fraction fcov of the source towards the observer. This 'minimal' spectral model is then
where σ(E) is the absorption cross-section. A1 and A2 give relative weights to the power law and the black body. In order to interpret the data in figure 1, we kept the power law energy index α = 0.9 constant, the blackbody temperature kT = 0.1 keV and its relative contribution (50% of the power law at 1 keV) constant and repeated the simulations for different values of the column density and the covering factor parameters. The result of the simulations is presented in figure 1 with solid and dotted lines. Each solid line corresponds to a different covering factor from 20% (bottom) to 100% (top) and is generated with different values for the column density that grow from right to left along the curve from 10 20 to3 × 10 23 cm −2 . Each dotted line is drawn keeping constant the column density whereas the covering factor grows from bottom to top. The NH value ranges from 10 21 cm −2 (first dotted line on the right) to 3 × 10 23 cm −2
(dotted line on the left).
We also based on this model to correct the hardness ratios for the effects of Galactic absorption due to its simplicity although as it will be shown at the end of the section there is an alternative model able to describe the behaviour of the broad band X-ray colours. In order to do this correction we defined a model spectrum just as the one presented above: a power law (with the energy index fixed to 0.9), a black body (temperature of 0.1 keV and relative contribution of 50% also fixed) both partially absorbed by an intrinsic column density plus an extra absorption representing the effect of the Galaxy. We folded it through the ROSAT response matrix and repeated the simulations for a grid of values of the intrinsic column density and the covering factor and for the values of the Galactic absorption presented by the sources in the sample. A plot similar to that in Figure 1 was then obtained for each source (i.e, for each Galactic column density). The estimated values of the spectral parameters involved (partial covering factor and intrinsic column density) were obtained just doing a bilinear interpolation. With these "true" parameters we folded again the spectrum for each source so as to get the corrected Hardness ratio. Some of the sources (appearing as arrows in the plot) were not corrected since they fall off this simple model with the parameters fixed above requiring a model with slightly different values of the power law energy index and/or black body temperature and relative contribution. Thus these sources are shown as upper limits since the Galactic absorption tends to soften the hardness ratio and to lower the flux ratio.
Concerning the AGN type (type 1 and type 2) it appears that each class requires different parameters. While the Seyfert 1 and QSO show a greater dispersion in the parameters, Seyfert 2 tend to accumulate around a covering factor of the order of 100% and/or high column densities (with the exception of NGC 1068) in agreement with observations of individual objects (Awaki 1992) . For the majority of the type 1 AGNs in our sample we infer an absorbing column ≈ 10 22 cm −2 and a covering fraction fcov between 80% and 100%. The range over which this last parameter varies is particularly sensitive to the assumed blackbody temperature (i.e., at lower blackbody temperatures the unabsorbed spectrum is softer and therefore more coverage is required), but in any case there is always an important fraction of the type 1 AGN which require partial coverage.
If we restrict ourselves to the LMA sources (the LMA sample is flux limited at 5 keV), the average covering fraction for the type 1 AGN is 0.818
−0.036 while for the type 2 AGN the average covering fraction is 0.9985 ± 0.0007. It has to be said, however, that although this subsample is selected in hard X-rays and therefore there should not be strong biases towards low covering factors, we only use those AGN for which there is information in the WGACAT point source catalogue. This might introduce a slight bias towards low covering factors, but we do not expect it to be too strong, except for the objects with the largest absorbing columns (essentially the Seyfert 2s). Indeed, for soft X-ray selected samples of AGN, the average covering factor is expected to be larger.
We tried to find a similar description of the data in terms of a warm absorber model (Turner et al 1991 , Netzer 1993 and references therein, Reynolds and Fabian 1995) . We used the photoionization code XSTAR McCray 1982, Kallman and Krolik 1993) to reproduce the conditions of a thin shell of gas ionized by a primary continuum of energy index 0.9 and luminosity L = 4 × 10 43 erg/s. The gas density was fixed to n = 10 9 cm −3 and XSTAR was run for different ionization parameters ranging from ξ = 20 to ξ = 40 where ξ ≡ L/(nR 2 ). We selected the XSTAR output to give the fractional abundance of the ions in the gas (relative to the total hydrogen abundance), their K-edge energy and their photoionization cross sections. With these values we constructed a spectrum model for each gas state (defined by a ionization parameter and a column density of neutral hydrogen NH ). This spectrum was folded through the ROSAT PSPC response matrix in XSPEC to calculate the hardness ratios just as it was done with the partial covering model. The spectrum consisted of a power law of energy index α = 0.9 and an absorption edge for every ion with significant depth at the threshold (τ ≥ 0.01) for a given NH . The values of the NH ranged from 10 19 to10 22 cm −2 ). The resulting hardness ratio versus flux ratio relation is showed in figure 3 as a solid line.
As it is shown in this figure the variety of X-ray colours cannot be accounted for only with this model of ionized gas. Thus, in order to obtain "harder" colours we added a neutral gas component to the spectra defined above. The results for three equivalent neutral hydrogen column densities in addition to the warm absorber component are presented in figure 3 .
We show that in order to reproduce the variety of broad band X-ray colours observed in the sample a new component of neutral gas must be added to the partly ionized gas.
LUMINOSITY FUNCTIONS
We derived the local luminosity function in the hard band (2-10 keV) so as to compare it with the luminosity function coming from the soft band (Boyle et al 1994 , Maccacaro et al 1991 . This can be used to test whether the simple model presented in this paper predicts a correct link between soft and hard X-ray energies.
The local luminosity function in the 2-10 keV band is derived from the whole Grossan (1992) LMA sample (irrespective on whether or not Rosat observations exist) restricted to those sources with redshifts lower than 0.2 and turning to the technique of maximum likelihood analysis used by Marshall et al. (1983) . In his analysis of the luminosity function for the whole sample, Grossan showed that a single power law fit was only good as an approximation but that it was unacceptable for the full range of luminosities since the luminosity function steepens at high luminosities. Therefore we decided to use a broken power law form to fit the local hard band luminosity:
where K1 is the normalization of the luminosity function and γ1 and γ2 are the faint and the bright end slopes respectively. The constant K2 is related to the normalization value through the 'break' luminosity, L br :
L44 is the 2-10 keV X-ray luminosity function expressed in units of 10 44 erg/s. In spite of the fact that this sample is reduced to almost local sources (z ≤ 0.2) the luminosity of the sources was deevolved to z = 0 using a power law evolution form (pure luminosity evolution):
with β = 2.6 (Maccacaro et al 1991) .
The best-fit values from the maximum likelihood analysis are γ1 = 2.11 The comparison between the two luminosity functions is shown in Figure 4 , which displays the binned 2-10 keV luminosity function together with the maximum likelihood fit and some models. As usual, we assume a broken power law for the soft X-ray luminosity function, and the specific parameters are taken from the Einstein Observatory Extended Medium Sensitivity Survey (Maccacaro et al 1991) . We prefer this survey to the Boyle et al (1994) one as a comparison with our 2-10 keV sample, because the Boyle et al (1994) sample contains virtually no objects at redshifts z < 0.4 and therefore the local luminosity function derived in that paper is much affected by the specific evolution models. The soft-to-hard band conversion has been done with a set of 'averaged' values for the parameters of the partial covering spectral model: α = 0.9, kT = 0.1 keV, a blackbody contribution ∼ 50% at 1 keV, NH = 10 22 cm 2 and different covering factors. Again, we must stress here that we use this particular model due to its simplicity. The same conclusions should be obtained through the neutral plus ionized gas model since both models are able to reproduce the dispersion observed in the X-ray colours versus flux ratios relation. The points with the error bars in the plot correspond to a nonparametric representation of the 2 -10 keV luminosity function obtained with the 1/Va method developed by Avni and Bachall (1980) .
As it can be seen from Figure 4 a perfect agreement is rather difficult to obtain due to the large number of variable parameters involved in the description of the sources spectrum, specially at and below the break. Once we fixed some parameters as blackbody temperature and its fractional contribution, power law energy index and absorption column density, it can be seen that very good agreement between both functions at luminosities > 10 44 erg s −1 is reached for a covering factor ∼ 0.95. The fit is poorer for luminosities lower than L2−10 ∼ 10 44 erg s −1 because it is not possible to introduce the dispersion observed in the values of some parameters as the column density, the covering factor and the blackbody contribution, particularly at low luminosities where we have very few objects. For example, it is likely that either the covering fraction and/or the absorbing column vary with luminosity (i.e., low luminosity objects are expected to be more absorbed), although we cannot detect such effect at a significant level in the sample discussed in Section 2. A simple model with constant covering factor and absorbing column is already able to produce very close agreement between the AGN luminosity functions in the soft and hard bands, but it would require some refinement when the data samples can be enlarged.
DISCUSSION
We have studied the hardness ratios for a sample of hard X-ray selected sources, all of them observed by ROSAT, and derived a source emission spectrum that would explain their X-ray colours. This spectrum has three components: a power law with an energy index α ∼ 0.9, a blackbody of kT ∼ 0.1 keV representing about 50% of the power law at 1 keV and a low-energy absorption by neutral gas with column density NH ∼ 10 22 − 10 23 cm −2 that partially covers the source (fcov ∼ 80 − 100%). Type 2 AGN appear to be fully covered with large column densities while type 1 AGN have an average covering factor ∼ 0.82 and absorbing column density ≈ 10 22 cm −2 . Qualitatively this model can account for the scatter observed in the hardness ratios as well as for the soft excess found in some sources.
A complementary result of our analysis is that starting from a single population of AGN with a distribution of covering factors, it is possible to describe the two distinct populations proposed by Franceschini et al (1993) . Their soft X-ray class of active galaxies, showing steep power law spectra and being easily detected by soft X-ray band missions would correspond to those sources that in our model had lower covering factors and eventually exhibit soft excess emission. The hard population would be composed of those sources strongly self-absorbed by high covering factors. The selection of objects in the 2-10 keV band does not particularly favour high values of the covering factor, as it is demonstrated by the presence of a large fraction of partially covered type 1 AGN in the sample used in Section 2. However, for a soft X-ray selected sample, the average covering factor will certainly be smaller. Our model is more alike the one used by Comastri et al (1995) where a single AGN population is used to reproduce the spectrum of the X-ray background.
As far as the mismatch between the number counts in different X-ray bands is concerned, a typical spectrum with a 50% blackbody contribution at 1 keV, a power law energy index α ∼ 0.9, an absorbing column density between NH ∼ 10 22 and NH ∼ 10 23 and a covering factor f ∼ > 85% would result in a flux ratio F (2 − 10 keV)/F(0.3 − 3.5 keV) ∼ 2 (see Figure 5 ) which is the required value to solve the discrepancy. Thus, the model presented here with the average parameters obtained in Section 2 also brings the soft and hard source counts into agreement.
We also tried to describe the dispersion on the X-ray colours through a warm absorber model and the conclusion we can extract from this analysis is that the presence of gas in two phases (neutral and partly ionized) is required to reproduce the X-ray colours of most of the sampled AGN.
Finally, we can derive an interesting conclusion from this analysis: the gas responsible for the absorption of the X-ray primary spectrum emitted by the active nucleus must have structure. This structure could be due to holes or to the coexistence of gas in two phases (neutral and ionized).
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